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OBJECTIVE 

To provide Solvay Minerals Company with estimates of potential NOx emissions from a 
pulverized coal-fired furnace system to be retrofitted into their calcining process. 
 

BACKGROUND 

Currently, Solvay Minerals Co. in Green River, Wyoming operates a gas-fired furnace for 
generating a hot gas stream that is used in their trona calcining process. There is no steam or 
electricity production associated with this retrofit system and the natural gas-fired furnace is 
refractory-lined for process efficiency. The hot gases are then used to remove the CO2 from the 
trona ore (calcining). Any excess heat in the gas is used to preheat the combustion air used in the 
furnace.  
 
Originally, a coal spreader-stoker firing system was used to generate the hot gas for the process. 
As economics changed, a gas-fired system was installed and the spreader-stoker was removed. In 
the current environment, the cost and availability of local coal make it more economical than 
gas, the decision to convert back to coal firing is being entertained. 
 
Solvay Minerals prepared the request to the Wyoming State Environmental division to permit 
them to change from the gas-fired system to a coal spreader-stoker system enhanced with 
currently available NOx controls. The State has requested that Solvay investigate the potential for 
using a pulverized coal system with advanced NOx control in order to minimize NOx emissions. 
Solvay, in turn, has requested that Reaction Engineering International (REI) in Salt Lake City 
provide support for this endeavor. 
 

REI PROGRAM 

REI was requested specifically to perform the following tasks: 
 

• Review with Solvay personnel key process conditions and constraints at the Green River, 
WY site. 
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• Identify and summarize potential technologies for pulverized coal firing 

• Develop a list of potential suppliers of pulverized coal-fired furnaces and burners in the 
size range compatible with the Solvay process. 

• Prepare a Request for Information for the potential suppliers and solicit responses. 

• Identify and summarize relevant vendors 

• Preparation of a quotation summary and critical evaluation 

The first five tasks have been completed and this report provides the results. 

DISCUSSION AND RESULTS 

Reaction Engineering International (REI) personnel have held several discussions with Solvay 
Minerals personnel to obtain a thorough understanding of the calcining process in order to solicit 
information from potential suppliers of pulverized coal-fired furnaces and burners. Based on 
these discussions, the following list of operating conditions and process constraints was 
prepared: 

• The total furnace heat input needs to be 200 MMBtu/hr. 

• The coal to be used is a local Wyoming subbituminous coal. 

• Due to existing process equipment, the maximum footprint and height dimensions for the 
retrofit furnace are: 

o Above ground – 40 ft (wide) x 33 ft (deep) x 62 ft (high) 

o Directly below ground – 40 ft (wide) x 58 ft (deep) x 22 ft (high) 

• Existing equipment does not include a pulverizer, water or steam handling system or 
turbine and generator. 

• Due to utilization of the hot flue gas in the process, the maximum air preheat temperature 
currently available is 225oF. 

• Limited space is available at the plant site for locating new equipment. 

The focus of the entire inquiry was to obtain an idea of the potential NOx emission from a 
pulverized coal system. This would be compared with the current emission level and the 
emission level estimated from a stoker-fired boiler. 
 
With this information, REI prepared the request for information as shown in Figure 1 on the 
following page. This information provides enough detail so that the potential furnace and/or 
burner suppliers could determine if they would be interested in providing the necessary 
equipment for the retrofit. In addition, the desire was to receive an indication of the predicted 
NOx emission from their system. 
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Figure 1. 

REQUEST FOR INFORMATION: 
PULVERIZED COAL-FIRED FURNACE 

 
Reaction Engineering International, an Engineering firm headquartered in Salt Lake City, 
UT specializing in computational fluid dynamic (CFD) modeling, is seeking information 
from potential suppliers of small industrial-scale furnaces which could produce a hot flue 
gas (1700oF - 1800oF) that would be used in a calcining process. Currently there is a gas-
fired furnace (no waterwalls) that needs to be replaced for economic reasons. Of primary 
importance is the anticipated NOx emission from the pulverized coal-fired unit. 
 

The following is additional information that may be of help in determining the 

projected NOx emission level: 

 
� The total firing rate for the furnace is 200.x106 Btu/hr; this can be done with one 

or two burners. 

� Due to existing calciners and other process equipment, the maximum available 
footprint and height dimensions for locating the furnace are: 

o Above ground level: 40 ft (wide) x 33 ft (deep) x 62 ft (high) 

o Directly below ground: 40 ft (wide) x 58 ft (deep) x 22 ft (high) 

� The coal available is a Wyoming subbituminous coal with the following analysis: 

COAL ANALYSIS 

 As Received 

Moisture, wt % 15.3 

Ash, wt % 6.5 

 

Carbon, wt % 60.6 

Hydrogen, wt % 4.2 

Nitrogen, wt % 1.4 

Sulfur, wt% 0.5 

Oxygen, wt % 11.5 

 

HHV, Btu/lb 10,250 

� Currently there is no pulverizer, no water or steam handling system and there is 
no turbine or generator on site. The current facility just produces hot flue gas. 

� Combustion air is available but has a maximum temperature of 225oF due to 
process constraints. 

Specific information requested: 

 
� Can you supply a pulverized coal furnace in the 200 MMBtu/hr range? 

� Given the constraints listed above, what would you guarantee as a NOx emission 
level? 
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There are four major utility boiler manufacturers in the United States; they are Alstom, Babcock 
& Wilcox, Foster Wheeler, and Babcock Power Inc. (Riley Stoker). Three of these were 
contacted (Babcock & Wilcox, Foster Wheeler and Babcock Power) and the fourth, Alstom, has 
only limited experience with a wall-fired furnace and burner; therefore they were not contacted. 
In addition to the major boiler/burner manufacturers, Johnston Boiler an industrial boiler/burner 
manufacturer was contacted. The final contact was Black & Veatch, a reputable Architecture and 
Engineering (A&E) firm that specializes in boilers and furnaces. They have access to and have 
worked with many of the smaller furnace/burner manufacturers throughout the world. The 
following paragraphs summarize the responses from each contact. The entire written responses 
from each contact are contained in Appendix A. 
 
 Foster Wheeler 
Mr. Stefan Laux, Manager of Combustion Systems at Foster Wheeler, was contacted. After a 
couple of discussions with Stefan, he called and said that he would estimate a NOx emission of 
about 1.5 lbs/MMBtu due to the necessary refractory walls in the furnace. He felt that this would 
not be of interest to Solvay since the emissions are so high. Mr. Laux did not provide a written 
response, only verbal. 
 
 Babcock & Wilcox 
Mr. Ron Lenzer was contacted at Babcock & Wilcox. In brief, his response was that “a technical 
response to your request requires a level of engineering effort which we would not invest unless 
there were a strong chance of B&W ultimately winning a sale.” If Solvay were interested in 
proceeding with B&W, they should contact the nearest B&W Sales Office. 
 
 Babcock Power Inc. 
Mr. Kevin Davis provided the response from Babcock Power. In essence, their response was 
similar to B&W’s. They estimate it would take 18-20 weeks and cost between $55,000 and 
$60,000 to complete the necessary study to design the furnace and estimate the NOx emissions. 
Again, if Solvay was interested in pursuing this with Babcock Power, they should contact either 
the Sales Office in Salt Lake City, UT or the Western Regional Office in Phoenix, AZ. 
 
 Johnston Boiler 
Mr. David Thornock replied that Johnston Boiler is currently not offering pulverized coal-fired 
boilers or pulverized coal-fired combustion retrofit systems. 
 
 Black & Veatch 
Mssrs. Mike King and Mark Dittus were contacted and provided with the system information. 
They thought that it was possible to provide the retrofit, but verbally they estimated the 
uncontrolled NOx would be about 1.2 – 1.5 lbs/MMBtu. They contacted some of their clients 
who fabricate furnaces and burners. Two initial responses were received. The first, from General 
Electric – Energy & Environmental Research (GE-EER) mentioned that they felt they were well 
suited to provide the system, but needed to know the amount of money available, the payback 
time required and if the ash and unburned carbon would affect the process. No further 
information has been received from this potential supplier. 
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The second company, Damper Design, Inc., mentioned they looked at this or a similar process 
over 10 years ago with “favorable” conclusions. In fact, they have done NOx emissions testing at 
the 80-100 MMBtu/hr range in a refractory-lined test furnace. Damper Design would fire about 
5% of the currently used natural gas in a 10 MMBtu/hr duct burner that would be needed to 

assure drying of the coal by heating the primary air up to 375
o
F. In addition, they recommend 

micronized coal (70% less than 400 mesh [37µ]) rather than just pulverized coal (70% less than 

200 mesh [74µ]) to avoid flame impingement and improve particle burnout. Two companies, 
Williams and Fuller, offer pulverizers that will meet the micronized coal requirement. They also 
mentioned that the coal is not the best for NOx control; that perhaps a PRB coal from northern 
Wyoming could be delivered at about $0.80-$1.00/MMBtu and result in even lower NOx 
emissions. This cost is based on a project they did in Colorado where the PRB coal was delivered 
at $1.20/MMBtu. With the stipulations of micronized coal and an in duct heater using ~5% gas, 
Damper Design would guarantee a NOx emission of 0.35 lbs/MMBtu and, if the moisture in the 
coal was over 25%, they would guarantee 0.30 lbs/MMBtu. Further, if a PRB coal was used, 
they felt they could get NOx emissions levels down in the 0.25 lbs/MMBtu range. 
 

CONCLUSIONS 
Based on the information received, one prospective supplier, Damper Design, felt confident they 
could guarantee 0.35 lbs NOx/MMBtu if they used 5% gas in an in duct heater and micronized 
coal. Others chose not to respond due to the costs required to complete an accurate estimation of 
the emissions. Verbal estimates of the NOx emissions were about 1.2 to 1.5 lbs/MMBtu due to 
the hot refractory walls. 
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APPENDIX A 
 
 
 

WRITTEN RESPONSES FROM POTENTIAL SUPPLIERS 
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BABCOCK & WILCOX RESPONSE 
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BABCOCK POWER INC. 
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BABCOCK POWER INC. (CON’T.) 
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JOHNSTON BOILER 
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BLACK & VEATCH 
GENERAL ELECTRIC – ENERGY & ENVIRONMENTAL RESEARCH 
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BLACK & VEATCH 
DAMPER DESIGN, INC. 
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